SUMMARY A scintigraphic technique using indium-ill labelled platelets to detect left atrial thrombi was used in 28 patients, 14 of whom had mitral valve disease and 14 combined valve disease. Imaging was performed in the anterior, right anterior oblique (450), and left lateral views on the day of injection and thereafter at one or two day intervals for a maximum of four days. When scintiphotos obtained in two or three views 72 or 96 hours after the platelet injection showed "hot spot areas" within the left atrial pool and indium-11 activity in these areas did not decrease with time they were interpreted as positive for thrombi. Of 28 patients, seven had positive platelet images by this criterion; of these, three underwent surgery and were found to have left atrial thrombi. One patient died, and a thrombus was found at necropsy. The remaining 21 patients had normal scintiphotos; of these, seven had no thrombi at operation and one had false negative images.
Left atrial thrombi occur in patients with mitral valve disease and may lead to catastrophic embolic events. In studies of patients with mitral valve diseasel 2 the incidence of left atrial thrombus ranged from 90/o to 17%, and episodes of systemic embolisation were reported in 290/o to 600/o of patients with such thrombosis.' 2 In mitral valve disease, therefore, the detection of a left atrial thrombus and evaluation of its haematological activity are essential for determining the need for anticoagulant treatment and the timing of open heart surgery. Detection of left atrial thrombi has been attempted using angiocardiography,2 cross sectional echocardiography,3 and computed tomography.4 Angiocardiography and echocardiography have limitations, however, depending on the size and location of the thrombus. On the other hand, computed tomography can accurately detect the presence of left atrial thrombi.4 These methods cannot, however, determine whether the thrombi are haematologically active; this needs to be known to determine the Requests for reprints to Dr Makoto Yamada, Heart Centre, Osaka Prefectural Hospital, 3-chome, Mandai-higashi, Sumiyoshi-ku, Osaka, 558 Japan.
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Recently, in vitro labelling of autologous platelets with indium-11 oxine was performed by Thakur et al. 5 Their method looks promising for assessing the haematological activity of thrombi in vivo. Some studies in animals have shown that the indium-ill labelling method is useful in the diagnosis of infective endocarditis6 and coronary thrombosis. 7 weighing about 66 g were identified in the area stretching from the left atrial posterior wall to the left atrial appendage. To determine whether the "hot spot areas" in case 2 corresponded to intra-atrial thrombi indium-Ill labelled platelets were injected intravenously three months after operation and negative platelet images were obtained (Fig. lb) . In case 20 positive platelet images were obtained (Fig. 2a) . Mitral valve replacement, aortic valve repair, and left atrial plication were performed and at operation thrombi of about 44 g were seen in the area from the left atrial posterior wall to the left atrial appendage. In case 25 positive platelet images were obtained (Fig.  2b) . The patient died of heart failure before operation could be performed, and at necropsy thrombi weighing about 40 g were identified in the same area. In case 27 "hot spot areas" corresponding to the left atrial appendage were seen 48 and 96 hours after injection of the labelled platelets (Fig. 3) , and the images therefore were interpreted as positive. The patient underwent open mitral commissurotomy and left atrial appendage closure. At operation a thrombus was found in the left atrial appendage. In cases 7, 22, and 26, in which the scintiphotos were interpreted as positive, the presence or absence of thrombi was not directly confirmed because no surgical procedures were performed. In case 22, however, the patient had a history of cerebral infarction suggesting that there might be a thrombus within the left atrium.
Although "hot spot areas" were observed 48 and 96 hours after the platelet injection in case 18 (Fig. 4) As far as we know, the present study is the first to detect left atrial thrombi using indium-Ill platelet imaging in man. Of seven cases that were interpreted as having positive platelet images thrombi were confirmed at operation or necropsy in four. Of 21 cases that were interpreted as having negative platelet images, no thrombus was confirmed at operation in seven and one had a false negative result.
In the four cases with positive platelet images the surface of thrombi appeared red and friable when examined at operation or necropsy. These findings indicate that the left atrial thrombi in these patients with long term valvular disease were haematologically active and were detected by indium-ill platelet scdntigraphy.
In the present study two cases (cases 18 and 21) might have been misinterpreted as positive since "hot spot areas" were seen in the left lateral view. In case 18 "hot spot areas" were seen 48 and 96 hours after injection of labelled platelets only in the left lateral view (Fig. 4) . Nevertheless, indium-ill activity in the "hot spot area" decreased during the period from 48 to 96 hours after the injection (Fig. 4) . In contrast, in all the cases in which scintiphotos were interpreted as positive and thrombi within the left atrium were identified at operation indlium-111 activity in the "hot spot areas" increased with time after injection of the labelled platelets. Note the increased indium-ill1 activity on the scintiphotos in case 27 (Fig. 3) (Fig. 4) . In the cases in which scintiphotos were interpreted as positive "hot spot areas" were seen in two or three views ( Table 2 ). In four of these cases thrombi were identified at operation or necropsy. In fact, in case 18 indium-11 labelled platelets were injected intravenously two months after operation, and a "hot spot area" was seen 96 hours after injection only in the left lateral view. Immediately after scintiphotos had been obtained 96 hours after the platelet injection technetium-99m labelled human serum albumin was injected intravenously. As shown group.bmj.com on June 22, 2017 -Published by http://heart.bmj.com/ Downloaded from Detection of left atrial thrombi by indium-l1l platelet scintigraphy in Fig. 5 , the "hot spot area" seen in the left lateral view disappeared after subtraction of the blood pool according to Bergmann et al and Sutherland et a115 16 (slightly modified). This result indicates that the "hot spot area" seen in the left lateral view in case 18 could not have reflected platelet deposition on to a thrombus. Great caution should, however, be taken in interpreting images in only one view, especially the left lateral view.
Case 12 showed a false negative result. In this case, high indium-Ill activity in the cardiac blood pool did not decrease substantially 96 hours after injection of the labelled platelets, and such high activity may lead to misinterpretation. Images should, therefore, have been obtained later than 96 hours after the platelet injection in this case.
These results show that two important factors may affect the accuracy of indium-Ill platelet scintigraphy in detecting left atrial thrombi: (a) the high indium-Ill activity in the cardiac blood pool (background) and (b) the artificially high activity in the left atrial blood pool caused by the overlap of the left atrial appendage and the right atrium in the left lateral view. Interpretation, using time sequential images, is, therefore, essential to detect left atrial thrombi accurately. Using our criterion of positivity, therefore, the accuracy in detecting left atrial thrombi by indium-1 platelet scintigraphy was 92% as confirmed by surgical and postmortem examinations.
In addition, the reliability of this criterion for detecting left atrial thrombi was tested by the following procedure. To determine whether "hot spot areas" actually reflect the localisation of labelled platelets on to the surface of the thrombus an anticoagulant agent17 18 was used. A patient with combined valve disease whose scintiphotos were interpreted as positive (Fig. 6a) was treated with warfarin for about one month to reduce the prothrombin time to 37%. Indium-ill labelled platelets were injected intravenously after treatment with the warfarin, and indium-l11 activity in the "hot spot areas" was considerably decreased (Fig. 6b) suggesting that the "hot spot areas" do reflect the accumulation of the labelled platelets on to the thrombus. These results strongly suggest that the present criterion is reliable for detecting haematological activity in a left atrial thrombus and that indium-11l platelet scintigraphy is an excellent method of detecting haematologically active thrombi within the left atrium associated with long term valvular disease.
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